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Abstract

Objective—To determine opioid prescribing patterns and rate of three types of errors,
discrepancies, and variation from ideal practice.

Design—Retrospective review of opioid prescriptions processed at an outpatient pharmacy
Setting—Tertiary institutional medical center

Patients—We examined 510 consecutive opioid medication prescriptions for adult patients
processed at an institutional outpatient pharmacy in June 2016 for patient, provider, and
prescription characteristics.

Main Outcome Measure(s)—We analyzed prescriptions for deviation from best practice
guidelines, lack of two patient identifiers, and noncompliance with Drug Enforcement Agency
(DEA) rules.

Results—Mean patient age (SD) was 47.5 years (17.4). The most commonly prescribed opioid
was oxycodone (71%), usually not combined with acetaminophen. Practitioners prescribed tablet
formulation to 92% of the sample, averaging 57 (47) pills. We identified at least one error on 42%
of prescriptions. Among all prescriptions, 9% deviated from best practice guidelines, 21% failed to
include two patient identifiers, and 41% were noncompliant with DEA rules. Errors occurred in
89% of handwritten prescriptions, 0% of electronic health record (EHR) computer-generated
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prescriptions, and 12% of non-EHR computer-generated prescriptions. Inter-rater reliability by
kappa was 0.993.

Conclusions—Inconsistencies in opioid prescribing remain common. Handwritten prescriptions
continue to demonstrate higher associations of errors, discrepancies, and variation from ideal
practice and government regulations. All computer-generated prescriptions adhered to best
practice guidelines and contained two patient identifiers, and all EHR prescriptions were fully
compliant with DEA rules.
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Opioid analgesics; pain medication; medication use; prescription error

Introduction

Medication prescription errors represent a serious yet often preventable source of harm
within the healthcare system. Opioids in particular are a high-risk class of medications
associated with the highest frequency of reported medication errors that cause patient harm
[1,2]. Although errors may occur at any point in the multistep process of prescribing,
transcribing, dispensing, administering, and monitoring a medication, research on errors
with opioid medications has rarely focused on prescribing at the time of discharge from the
hospital or on the written prescriptions provided to adults [3,4]. Nevertheless, discharge
from the hospital to home or another facility is an established source of potential errors for
medication prescribing. Prior studies that focused on pediatric populations uncovered high
error rates on handwritten prescriptions (>80% of all prescriptions) and a striking ability to
mitigate almost all errors through use of computer-generated prescriptions [5,6]. Such
findings suggest that studies of errors among prescriptions for adults are also warranted.

The need to proactively address the potential for harms from prescription opioid medications
in adult patients is underscored by the epidemic of prescription opioid abuse [7]. Best
practices for prescriptions derive from organizations such as the Institute for Safe
Medication Practices, whose list of error-prone abbreviations, symbols, and dose
designations captures frequently misinterpreted characters involved in prior medication
errors [8,9]. Beyond best-practice guidelines, opioid prescriptions fall under the purview of
broader national patient safety goals and legal rules and regulations from the government.
Government regulation of controlled substance prescribing lies within the domain of the
United States Drug Enforcement Agency (DEA), whose Manual for Prescribing, last
published in 2006, contains rules and regulations that govern scheduled medications
including opioids [10]. Additionally, medication errors represent a key area of focus for
patient safety organizations such as The Joint Commission. Based on the recommendations
and regulations of these various bodies, current standards for opioid prescription writing
include the use of two patient identifiers [11,12]. absence of easily misinterpreted
abbreviations and symbols, and adherence to DEA rules.

The purpose of this study was to use outpatient pharmacy data to assess the practice patterns
of providers who prescribe opioid medications to adults being discharged from the hospital.
In addition to describing the characteristics of outpatient opioid prescriptions, objectives
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included determining how many prescriptions adhere to best practice guidelines, contain at
least two patient identifiers, and comply with DEA rules regarding controlled medication
prescribing.

This project received classification as a quality improvement project from the Johns Hopkins
Hospital institutional review board. The study was conducted at the Johns Hopkins Hospital
(JHH) East Baltimore campus, which is an urban, academic, tertiary care center located in
Baltimore, Maryland. We examined all opioid medication prescriptions (schedule 11 and I11)
received and processed by one outpatient pharmacy located within the JHH for 15
consecutive days in June 2016. This pharmacy location processes opioid prescriptions for
patients who have undergone same-day surgery for orthopedic, thoracic, cardiac, and
neurosurgical conditions. Opioid prescriptions may also include those for patients who are
discharged from the hospital after surgery or medical admission and those provided after
outpatient encounters.

We studied prescribers, including trainees, who wrote opioid prescriptions for patients 18
years of age and older. We examined prescriptions for demographic information (patient
age), prescriber information (credentials, DEA registration number), type of opioid
medication (name, formulation, combination with acetaminophen), amount of drug
dispensed, and method of prescription generation (handwritten, electronic health record
[EHR] computer-generated [i.e., Epic], non-EHR computer generated, etc.). One investigator
examined prescriptions for errors and discrepancies according to three different standards: 1)
prescription errors based on previously used “best practice” guidelines in prescription error
research [6]; 2) The Joint Commission recommendation for two patient identifiers, which
include name, medical record number, date of birth, phone number, address, social security
number, and photograph [11,12]; and 3) the DEA Practitioner’s Manual Valid Prescription
Requirements, which require a prescription to include characteristics such as the patient’s
full name and address (Table 1) [10]. A second investigator independently examined a subset
of handwritten prescriptions and prescriptions noted to contain at least one error for
confirmation. Any discrepancies were resolved by consensus.

We collected data using a standardized, computerized form with field validation on
Microsoft Access. We analyzed data using STATA (StataCorp. 2011. Stata Statistical
Software: Release 12. College Station, TX: StataCorp LP) with absolute and relative
frequencies of errors. Descriptive statistics included mean * standard deviation (SD), range,
and interquartile range (IQR). Credential information missing from prescriptions was
obtained by searches of National Provider Identifier, hospital webpage, or other online
resource. DEA number was dichotomized by practitioners who use the hospital DEA
number (likely trainees) versus those who used their own DEA number. We calculated exact
binomial 95% confidence intervals (CI) for individual error and discrepancy rates.
Comparisons of error frequencies were calculated by using the chi-squared statistic with
statistical significance set at p < 0.05. Reliability was calculated by the kappa statistic.
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We received a total of 510 opioid prescriptions. Date of birth was missing on two
prescriptions, and credential information was missing on three. Prescriptions were provided
to 451 patients with ages ranging from 18 to 100 years (mean + SD, 47.5 + 17.4 years).
Physicians wrote most of the prescriptions (60%), followed by physician assistants (29%),
advanced practice nurses (11%), and other providers such as dentists and podiatrists (<1%).
The most commonly prescribed opioid was oxycodone immediate release (IR; 71%; Table
2). Other prescription opioids included hydromorphone IR (10%), morphine IR (3%),
oxycodone continuous release (CR; 3%), fentanyl patches (3%), tramadol IR (3%), and
morphine CR (2%). Opioids with acetaminophen were prescribed to less than 3% of the
sample (15/510).

The most frequent formulation of opioid prescribed to adults was in tablet form (92%). The
only opioids dispensed as liquid solution (4%) were morphine IR and oxycodone IR. The
remaining formulations consisted of patches (3%) for transdermal fentanyl and film (<1%)
for either suboxone or buprenorphine. The number of opioid tablets prescribed averaged 57
+ 45 pills (range, 4-390 pills; IQR, 5-270 pills), whereas the median was 45 pills (Figure 1).
In this sample, the number of opioid tablets dispensed for the top 25% of all prescriptions
(13,870) was greater than the number dispensed for the remaining 75% of opioid
prescriptions (12,947). Liquid solution volume averaged 276 + 217 mL (range 30-800 mL;
IQR 60-470 mL).

The 510 opioid prescriptions consisted of similar numbers of handwritten (47%) and
hospital computer-generated (47%) prescriptions, but fewer prescriptions were generated by
non-hospital computer software (7%). These findings aligned well with the hospital’s use of
Epic as the primary electronic health record system. Additionally, a small number of patients
>18 years old who filled prescriptions after surgery or admission at the pediatric hospital
received prescriptions completed via a proprietary non-Epic prescription writer for opioid
medications that was previously shown to eliminate nearly all prescription errors [6].

All prescriptions contained the patient’s name; prescriber’s first and last name; DEA
number; and drug information, including name, dose, formulation, and quantity to dispense.
Among all prescriptions, 42% contained at least one error (95% ClI, 38.0%-46.8%).
Approximately 9% of the prescriptions contained at least one deviation from best practice
guidelines (95% ClI, 6.7%-11.8%), 21% failed to include at least two patient identifiers on
the written prescription (95% CI, 17.9%-25.2%), and 41% were noncompliant with the 2006
DEA rules regarding controlled prescriptions (95% Cl, 37.1%-45.8%; Table 3). Seventy-two
percent of the prescriptions that deviated from best practice used error-prone abbreviations
or symbols. The remainder did not properly list the date, frequency, formulation, or number
of pills. Failure to properly list the patient’s address resulted in every instance of
noncompliance with the 2006 DEA rules. All prescriptions containing a best-practice
deviation or lacking two patient identifiers were written by hand and not computer-
generated.
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Compared with prescribers who used other DEA numbers, prescribers who used the hospital
DEA number were less likely to deviate from best-practice (p = 0.03) or be noncompliant
with DEA rules (p = 0.03), but they lacked two patient identifiers at a similar rate (p = 0.87).
Physicians were less likely than advanced practice nurses or physician assistants to write
prescriptions that had deviations (p < 0.001), lacked identifiers (p = 0.02), or were
noncompliant (p < 0.001). The frequency of handwritten prescriptions did not vary by DEA
classification (p = 0.11), but the proportion of prescriptions written by hand was higher
among advanced practice nurses and physician assistants than among physicians (p < 0.001).

A second reviewer evaluated, in duplicate, data points extracted for each of 50 prescriptions
(10% of the sample) that contained at least one error or discrepancy. We calculated an inter-
rater reliability of 0.993 by the kappa statistic.

Discussion

Our study showed that pain medication prescriptions written for adults during discharge
from the hospital or ambulatory center after surgery contain a significant number of errors,
discrepancies, and variations. Errors were common, with 42% of prescriptions having at
least one. Deviations from best practice guidelines were noted in prescriptions that used
error-prone abbreviations, symbols, and dose designations. Other errors included incorrect
dates, medication frequency, and number of pills, among others. Only opioid prescriptions
written by hand, and not those that were computer-generated, contained best-practice
deviations. Though these deviations appear at the surface to be innocuous, they increase the
probability that another error or misstep may lead to actual patient harm. Twenty-one
percent of prescriptions lacked two patient identifiers, and over 40% failed to meet valid
prescription requirements set forth by the DEA. A missing patient address was the cause of
all instances of DEA noncompliance.

Medication errors have been linked in a chain leading to potential and actual adverse drug
events in adults.[Bates] However, medication error data for adults undergoing post-surgery
discharge from the hospital or ambulatory center are lacking. Our findings are similar to
those of Bates et al., who showed that medication errors, though common, are preventable
through the use of computer-generated prescriptions [5,6,13]. The high rates of
inconsistencies that we observed in opioid prescribing are plausible when considering the
high rate of handwritten prescriptions in this sample. Writing prescriptions by hand affects
areas beyond the pharmacy, as errors may also be introduced through inaccurate medication
reconciliation at time of discharge or during a subsequent ambulatory encounter.

Historically, prescriptions written by trainees have been associated with high error rates [14].
Many of the prescriptions written for patients in our study were completed by trainees,
designated in part by their use of the hospital DEA registration number. Prescriptions with
the hospital DEA registration number had a lower frequency of best-practice deviations and
noncompliance with DEA rules, but lacked two patient identifiers at rate similar to that of
prescriptions listing another DEA number. The inadequate inclusion of patient identifiers
may result from the use of hospital-supplied controlled substance prescriptions, which
designate a space for patient age, but not date of birth. Unlike birth date, age does not
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qualify as a patient identifier. Higher rates of compliance may stem from encouraging
computer generation of prescriptions, changing the age field to date of birth, or reducing the
use of preprinted controlled substance prescriptions [15].

We identified a small percentage of prescriptions for opioids with acetaminophen (<3%).
Although this finding aligns with safety efforts by agencies such as the FDA to reduce the
usage of combination products [16], it differs from the existing wide practice in the United
States [17]. Practitioners prescribe combination products such as hydrocodone-
acetaminophen more often than any other pain medication in certain populations, such as
beneficiaries of the Medicare Part D Prescription Drug Program [18]. The use of
acetaminophen as part of a multimodal pain treatment regimen may attenuate opioid-
induced side effects, but it increases the risk of acetaminophen toxicity [19,20].

Our study has a number of policy implications. Practitioners prescribed large amounts of
opioids to patients. Although not an error per se, we do not know the amount of prescribed
opioid that is actually used by the patient. Unused opioid pills contribute to the supply of
medication that may be diverted, ultimately augmenting America’s opioid addiction
epidemic [21]. This epidemic underscores the need to appropriately track opioid medication
prescriptions, given that opioids prescribed after surgery or hospitalization may contribute to
their non-medical use [22]. There is no routine audit of opioid-prescribing errors after
surgery. With the high number of errors, policy makers should work toward implementing
feasible methods to audit errors in pharmacies and feed the data back to hospitals. In
addition, these audits should more closely evaluate the number of pills prescribed. Some
patients were provided very high numbers of pills. Policy makers could require that
prescribers develop policies for an evidenced-based approach regarding the number of pills
prescribed and audit practices against those policies. Finally, greater education is needed for
prescribers and patients on the value and potency of non-narcotic adjuvant therapy. For some
of these prescriptions, patients could realize equal pain relief from a non-narcotic drug.
Audits could also include appropriate use of adjuvants when appropriate.

We recognize this study has limitations. First, only one abstractor reviewed all records,
which raises the possibility of misclassification of some events. To assess this possibility, we
asked a second reviewer to independently examine a 10% sample. The high kappa value
suggested that misclassification was likely low. Second, we sampled during 15 days in the
month of June. Seasonal variation in error rates may have affected our results. We did not
collect data on the indication for use, so we are unable to comment on whether the number
of pills prescribed was appropriate. Weight information was not available for many patients
in this sample and could possibly increase the number of errors found in the sample, though
adults are less likely than children to require weight-based dosing of opioids. We studied
patients discharged from a large academic medical center who had prescriptions filled at a
pharmacy associated with a hospital. Therefore, our results may not be generalizable to non-
hospital-based pharmacies. Nevertheless, these error rates were concerning and warrant
additional research.

In conclusion, errors in opioid prescriptions written for adults are common and, in this
sample, exclusively present in handwritten formats. A significant number of prescriptions
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lacked two patient identifiers, and even more were noncompliant with DEA rules regarding
valid prescription requirements. Reducing these errors, discrepancies, and variations in
practice represents a worthy area of future inquiry. As the utilization of computer-based
prescribing increases, practitioners must recognize the potential of such platforms to
improve the safety of opioid and medication prescribing, especially during critical periods of
care such as discharge after surgery or hospitalization.
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Figure 1.

Amount of opioid dispensed per prescription. Data are shown for opioids dispensed as
tablets with >3 prescriptions. Black line denotes median number of pills dispensed, boxes
represent interquartile range (25" to 75™ percentile), and whiskers denote upper and lower
adjacent values. CR = continuous release; ER = extended release; IR = immediate release.
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Table 1

Types of prescription errors, discrepancies, and variation

“Best practice” guidelines

1. lllegible prescription

2a. lllegible signature or printed patient name

2b. Illegible signature or printed provider name

3. No date listed on prescription

4. No weight or age recorded on prescription for patients weighing <40 kg

5. Wrong formulation of medication

6. Wrong dose of medication

7. Wrong frequency of medication

8. No information on dose/kg body weight for patients weighing <40 kg

9. No pill quantity

10. Wrong instructions given (e.g., crush long-acting opioid tablet)

11. No callback telephone number

12. Use of error-prone abbreviations, symbols, or dose designations
The Joint Commission

Presence of two patient identifiers, in addition to name, such as any one of the following: address, date of birth, medical record number,
photograph, or other identifier

DEA Practitioner’s Manual Valid Prescription Requirements
Patient’s full name
Patient’s address
Practitioner’s full name
Practitioner’s address

Practitioner’s DEA registration number
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Table 4

Prescription deviations from best practice

“Best practice” guideline

Deviations from best practice

(n=510

No. (%)
1. lllegible prescription 0(0)
2a. lllegible signature or printed patient name 0(0)
2b. Illegible signature or printed provider name 0 (0)
3. No date listed on prescription 5(1)
4. No weight or age recorded on if weight <40 kg 0(0)
5. Wrong formulation of medication 2 (0)
6. Wrong dose of medication 0(0)
7. Wrong frequency of medication 4(1)
8. No information on dose/kg body weight if weight <40 kg 0 (0)
9. No pill quantity 2(0)
10. Wrong instructions given 0(0)
11. No callback telephone number 0 (0)
12. Use of error-prone abbreviations, symbols, or dose designations 33(6)
Total 46 (9)
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